Introduction
============

Metabolic syndrome is a risk factor of cardiovascular diseases and diabetes, these show high morbidity and are one of the main causes of mortality in the modern society.[@B1],[@B2],[@B3] Because of this high morbidity and mortality rate, early diagnosis through screening test and aggressive treatment have been emphasized.

Many studies showed that serum uric acid was highly related to hypertension,[@B4],[@B5],[@B6],[@B7],[@B8] dyslipidemia,[@B6],[@B7],[@B9],[@B10] insulin resistance (IR),[@B5],[@B6],[@B7],[@B8],[@B10] and obesity.[@B6],[@B7] Based on these results, there were some studies to use the concentration of serum uric acid as an indi cator for IR and metabolic syndrome.[@B11],[@B12]

However, there were some limitations to use serum uric acid as an indicator. Firstly, antioxidative characteristic of uric acid showed paradoxical value depending on blood concentration.[@B13] At normal concentration, it showed antioxidative value, but hyperuricemia, high concentration of uric acid, was known as strong independent precursor for the metabolic syndrome.[@B11] Secondly, serum uric acid concentration differed between men and women, which should be taken into account clearly before using serum uric acid as an indicator of metabolic syndrome. The serum uric acid concentration was higher in men than women because of the difference in renal clearance rate.[@B14],[@B15],[@B16] Also, high estradiol concentration was assumed to be one of reasons for lower concentration in women, but the exact mechanism had not yet been clarified.[@B16],[@B17],[@B18] In addition, there was different result of serum uric acid level between pre-menopause and menopause women, because blood estradiol level was changed rapidly during menopausal transition period. This is an important limiting factor for clinical use of serum uric acid as a metabolic marker.

There was a report that serum uric acid increase after menopause,[@B19],[@B20] but it was hard to find a report about correlation of serum uric acid with metabolic syndrome with menopause, especially on Korean population. So, we investigated the possibility of serum uric acid as a predictive marker of metabolic syndrome through clarifying the relationship between uric acid level and metabolic syndrome according to menopausal status for women visited hospital for physical check-up.

Materials and Methods
=====================

1. Study population
-------------------

A total 2,241 women who visited to the health promotion center at Pusan National University hospital between January 2010 and January 2014, were included in this cross-sectional study. Eight hundreds forty six premenopausal and 1,395 menopausal women included. Demographic data were collected at the time of visit. Information on disease history and medication history were obtained with self-report questionnaires and interviews with healthcare providers. We included patients answered questionnaires without exception and excluded patients who had taking a steroid medicine for asthma, arthritis, rheumatic disease. Menopause was defined as patients with history of both ovarian resection and whose last menstrual period was elapsed over one year. In the patients with previous hysterectomy, serum follicle stimulating hormone (FSH) level over 40 mIU/mL was defined as menopause state. All the medical records used for this study were agreed by each patient with consent from at the time of health examination.

2. Anthropometric measurements and laboratory analysis
------------------------------------------------------

Height, weight, and abdominal circumference were measured separately and body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Blood pressure (BP) was measured with automatic machine (BP-203 RVII; Colin Corp., Aichi, Japan) in sitting position after taking 10 min break. Systolic and diastolic pressure were measured once and recorded. The blood test was done after 8 hr of overnight fasting. Total cholesterol and uric acid were measured by using Toshiba TBA200FR (TOSHIBA Co., Tokyo, Japan) with enzymatic colorimetric method. Intra-assay and inter-assay coefficients of variation of uric acid were 1.0% and 1.3%. Low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol were directly measured by using Toshiba TBA200FR. Fasting glucose was measured by using glucose oxidase (LX-20; Beckman Coulter, Brea, CA, USA). Coat-A-Count® Insulin was used to measure insulin concentration by solid-phase 125I radioimmunoassay. Thyroid stimulating hormone (TSH) was measured by Coat-A-Count TSH immunoradiometric assay (IRMA), Siemens, and free thyroxine (FT4) was measured by using Coat-A-Count FT4, Siemens. Homeostasis model assessment (HOMA)-IR was calculated by using glucose and insulin level (HOMA-IR = \[glucose × insulin\] / 405).

3. Diagnostic criteria
----------------------

As the National Cholesterol Education Program reported in Adult Treatment Panel III, the metabolic syndrome can be defined by applying of three or more inclusion criteria of 5 diagnostic criteria. The diagnostic criteria are; 1) abdominal circumference over 80 cm (for Asian women), 2) Triglyceride level over 150 mg/dL, 3) HDL cholesterol less than 50 mg/dL, 4) fasting blood glucose (FBG) over 110 mg/dL or diabetes-mellitus (DM), and 5) BP over 130/85 or hypertension medication.[@B21]

4. Statistical analysis
-----------------------

Statistical Package for Social Sciences (SPSS) for Windows 18.0 program (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. All data were presented as mean ± standard deviation (SD). Student t-test was used for comparison of clinical characteristics in premenopausal and menopausal women, differences of clinical factor according to presence of metabolic syndrome and menopausal status, serum uric acid level in patients with metabolic syndrome and metabolic syndrome components. The correlation between metabolic syndrome and menopause status, age, and serum uric acid were analyzed by multiple logistic regression analysis. Two-sided values of *P* \< 0.05 were considered as statistically significant.

Results
=======

1. Comparisons of clinical characteristics according to menopausal status and metabolic syndrome
------------------------------------------------------------------------------------------------

There were statistically significant differences in all parameters except TSH between pre-menopausal and menopausal groups ([Table 1](#T1){ref-type="table"}). Serum uric acid was significantly higher in menopausal group (4.3 ± 0.9, vs. 4.6 ± 1.1, *P* = 0.00). In menopausal group, 52 patients were current users of hormone therapy.

[Table 2](#T2){ref-type="table"} shows the differences of parameters according to presence or absence of metabolic syndrome in both groups. Also it presents the differences of parameters of metabolic syndrome patients according to menopause status. In premenopausal group, 63 patients had metabolic syndrome and the prevalence rate was 7.45%. Menopausal group showed higher percentage of metabolic syndrome patients than pre-menopausal group. The prevalence rate of metabolic syndrome in menopause group was 23.87%. There was no significant difference in thyroid hormone, but uric acid was significantly higher in the patients with metabolic syndrome in both groups. However serum uric acid level was not significantly different between premenopausal and menopausal groups in metabolic syndrome patients.

2. Serum uric acid level of patients with metabolic syndrome and metabolic syndrome components
----------------------------------------------------------------------------------------------

The differences of serum uric acid level according to each metabolic syndrome diagnostic criteria in patients of metabolic syndrome were described in [Table 3](#T3){ref-type="table"}. There was no statistical difference between premenopausal and menopausal groups.

3. Multiple logistic regression analysis of the possible correlates for metabolic syndrome
------------------------------------------------------------------------------------------

Serum uric acid, menopause, and age were analyzed by multiple logistic regression analysis. There was no correlation with menopause (odds ratio \[OR\]: 0.980, 95% confidence interval \[CI\]: 0.677-1.417, *P* = 0.913), but age (OR: 1.092, 95% CI: 1.305-1.619, *P* = 0.000) and serum uric acid (OR: 1.453, 95% CI: 1.074-1.111, *P* = 0.000) were showed positive correlation with metabolic syndrome ([Table 4](#T4){ref-type="table"}).

Discussion
==========

This study shows that the prevalence of metabolic syndrome of the premenopausal women was 7.45% (63/843), and that of the menopausal women was 23.87% (333/1,395). These results were similar with the study that investigated the prevalence of metabolic syndrome from 2006 to 2010, which was included 2,832 women who visited Health Promotion Center in Pusan National University Hospital: premenopausal women showed 8.69%, and menopausal women showed 21.85%.[@B22] The prevalence rate of metabolic syndrome from this study was markedly lower than the prevalence of previous study which were 13.0% in Korean premenopausal women[@B23] and 31.2-54.6% in menopausal women.[@B24],[@B25] This was thought to have reflected that since the data of the study was from the health promotion center and the women included in this study could be relatively healthy women or who concerned about their health. The prevalence rate of metabolic syndrome markedly increases for the menopausal women. But since there was a large difference in age between the premenopausal (44.0 ± 7.2 years) and menopausal (58.6 ± 6.9 years) women, analyzing with subdivided aging groups is needed to evaluate factors that affects to the incidence of metabolic syndrome.

In this study, serum uric acid was higher in menopause women. The result of this study about the relationship of menopause and serum uric acid was coincided with the data from the National Health and Nutrition Examination Survey (NHANES III).[@B26] The pathophysiology of higher serum uric acid level in menopausal women is not fully revealed. Some authors claimed that the change of fat distribution during menopausal transition is one of the reasons for increasing serum uric acid.[@B27],[@B28]

Cremonini et al.[@B28] reported that trunk body fat mass accumulation is independently associated with higher serum uric acid, and this association is confined to women in menopause.

However, serum uric acid level was not different between premenopausal and menopausal groups in metabolic syndrome patients. Serum uric acid level in pre-menopausal women with metabolic syndrome was 4.7 ± 1.1 mg/dL and in menopausal women with metabolic syndrome was 4.9 ± 1.3 mg/dL (*P* = 0.215). According to these results, we can assume that serum uric acid level is higher in women who have metabolic syndrome and serum uric acid could be used as the predictive factor of metabolic syndrome regardless of menopausal status.

Also, in the logistic regression analysis, metabolic syndrome had correlation with age and serum uric acid independently. So serum uric acid and age could be used as the predictive factors for metabolic syndrome. Moreover the odds ratio of serum uric acid was higher than that of age (OR 1.453 in serum uric acid and 1.092 in age). The basic mechanism of this relationship is unclear. However, we can postulate some theories. Hyperuricemia could occur in sodium metabolic disorder of kidney and cause injury of kidney. This injury can cause damage to blood vessel and rise of BP.[@B29] Also, serum uric acid can cause increase of oxygen free radical in case of high serum concentration.[@B13]

For application of serum uric acid to predict metabolic syndrome in practice, several problems have to be solved. The cut-off value of serum uric acid must be determined. In this study, the prevalence rate of hyperuricemia was 11.11% (7/63) in premenopausal women with metabolic syndrome and 18.32% (61/333) in menopausal women with metabolic syndrome (data was not shown). The predictive value for metabolic syndrome is very low in case of applying hyperuricemic level. So, wider and detailed analyses are needed for determining cut-off value of serum uric acid in each age group.

This study has several limitations. First, the history about pregnancy, lactation, gestational diabetes and polycystic ovary syndrome were not investigated. These factors are related with onset of metabolic syndrome in women.[@B30] There are another limitations in study design and population. It was conducted retrospectively and based questionnaires. Women who visited a health care center in only single institution were included and the prevalence rate of metabolic syndrome was relatively lower than other studies. Also, who taking hormone therapy in menopausal group was not considered in analyzing data. So, it may not be proper to adapt the result to general population.

Nevertheless these limitations, our study has value to show the potential of serum uric acid as a predictive factor of metabolic syndrome. More detailed and large population based study can give us more data the relationship of serum uric acid and metabolic syndrome.
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Clinical characteristics of the subjects
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Data are presented as the means ± standard deviation (SD)

*P* value by student *t*-test

SBP: systolic blood pressure, DBP: diastolic blood pressure, WC: waist circumference, BMI: body mass index, TC: total cholesterol, TG: triglyceride, HDL: high-density lipoprotein, LDL: low-density lipoprotein, FFA: free fatty acid, FT4: free thyroxine, TSH: thyroid stimulating hormone, HOMA-IR: homeostasis model assessment-insulin resistance
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Differences of clinical factor according to presence of metabolic syndrome and menopausal status
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Data are presented as the means ± standard deviation (SD)

*P* value by student *t*-test

^\*^between premenopausal groups, ^†^between menopausal groups, ^‡^between metabolic syndrome groups.

NS: not significant, SBP: systolic blood pressure, DBP: diastolic blood pressure, WC: waist circumference, BMI: body mass index, TC: total cholesterol, TG: triglyceride, HDL: high-density lipoprotein, LDL: low-density lipoprotein, FFA: free fatty acid, FT4: free thyroxine, TSH: thyroid stimulating hormone, HOMA-IR: homeostasis model assessment-insulin resistance
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Serum uric acid level in patients with metabolic syndrome and metabolic syndrome components
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Data are presented as the means ± standard deviation (SD)
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HDL: high-density lipoprotein
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Multiple logistic regression analysis results of the possible correlates for metabolic syndrome
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*P* value by multiple logistic regression

OR: odds ratio, 95% CI: 95% confidence interval
